At constant wave number and very high frequency, there are three asymptotic sequences of eigenfrequencies for spheroidal insl) modes. Each sequence is formally equivalent to one of the three body waves; PKIKP, ScS or J . Toroidal QT,) modes have two sequences; ScS or J , and radial ("So) modes have one; PKIKP. At constant phase velocity and very high frequency the coefficient matrices for spherical stratification and plane stratification are equivalent if the ray parameter, p , in a spherical Earth and the ray parameter, q, in a planar Earth have the relation p = qr.
High frequency asymptotic spacing
For simplicity we first consider radial (,,So) modes. Pekeris & Jarosch (1958, equations (44) - (45)) have given the two, coupled, first order, ordinary differential equations for the radial scalars. With displacement scalar U and traction scalar F we have -p o 2 + 4(y/r2 -pglr) 2(A/awhere CT = A+2p, IC = A+2p/3, y = 3 p~1 0 . For o % 1 U is oscillatory and its behaviour is proportional to sin (wr/u+4). Thus, the dominant behaviour of F is proportional to wa/v cos (or/u + 4). To investigate the behaviour of (1) for w % 1 we scale U and F to have the same order of magnitude. In (1) let F = coR . [ : :
For o % 1 we use the dominant terms in (3) to investigate the distribution of eigenfrequencies. The singular terms in (3) determine the asymptotic phase (Birkhoff & Rota 1969, Chapter 10). We ignore them in our investigation of the asymptotic spacing of the eigenfrequencies, and (3) becomes, for r > 0,
The pair of equations (4) together with endpoint (boundary) conditions forms a Sturm-Liouville system. Both U and R must be finite at r = 0, and continuous, and R must vanish at r = a, the radius of the Earth. It is a classical result (Birkhoff & Rota 1969 , Chapter lo), based on the fact that the eigenvalues of (4) are iiwla, that the asymptotic spacing of eigenfrequencies, 60 = on+ I -on, is Implicit in the derivation of (5) is the continuity of the first derivative of u and p. McNabb, Anderssen & Lapwood (1975) have given a more detailed investigation of the asymptotic distribution of the eigenfrequencies of (I), including the effect of discontinuities in u and p.
From (5) we see that the asymptotic spacing of radial GS0) eigenfrequencies' is controlled by the radial travel time of the ray PKIKP. Consequently, the observed values of several radial eigenfrequencies place a constraint on the travel time of PKIKP (at the point F where A = 180").
A result, similar to (9, can be given for toroidal LTJ modes. Alterman, Jarosch & Pekeris (1959, equation (17)- (18) Consequently, the asymptotic spacing of eigenfrequencies is
b
From (8) we see that the asymptotic spacing of toroidal (,,q) eigenfrequencies is controlled by the travel time of the ray ScS between the outer core (r = b) and the surface (r = a).
In addition, the solid inner core (r 6 c) can support toroidal modes. The asymptotic spacing of their eigenfrequencies is
0
The ray symbol given to S waves in the inner core is J , and (9) shows the relation between 6o and the radial travel time of the J ray.
There is currently no plausible mechanism for exciting, or observing, the toroidal inodes of the inner core. They are included here for completeness and for comparison with the results for spheroidal modes.
Detailed investigations of the asymptotic distribution of the eigenfrequencies of (6) have been given by Anderssen, Cleary & Osborne (1974), , Lapwood (1975) and McNabb et al. (1975) .
In our investigation of the asymptotic spacing of spheroidal LS,) eigenfrequencies we neglect the gravitational terms and use the truncated fourth order system (Alterman  et a]. 1959, equations (28)-(31) ) in the form given by Phinney & Burridge (1973,   equation (3.17) ). With radial displacement scalar U, tangential displacement scalar V, radial traction scalar F , and tangential traction scalar G we have
To obtain a balanced system, akin to (3), we set F = oR, G = wS in (10). The matrix of coefficients becomes For w % 1 and r > 0 the dominant part of (11) is w/o 0 -pw 0 and the fourth-order system (1 1)-(12) decouples into two second-order systems and It is immediately obvious that (4) and (13) are identical, and that (7) and (14) are identical. The eigenfrequencies of (13) have asymptotic spacing Sw given by (5). The normal mode solutions to (4) and (13) are said to be PKZKP-equivalent modes. The eigenfrequencies of (14) fall into two sets according as b < r < a or r < c. The former have asymptotic spacing 60 given by (8) and the normal modes are said to be ScS-equivalent modes. The latter have asymptotic spacing So given by (9) and the norm21 modes are said to be J-equivalent modes.
To summarize this section, there are three asymptotic sequences of eigenfrequencies for spheroidal LS,) modes. They have asymptotic spacings given by (9, (8) and (9) and are formally equivalent to PKZKP, ScS and J rays, respectively. A speculation by Anderssen, Clearly & Dziewonski (1975) , in a preliminary draft of their paper, motivated the derivation of (12)- (14). They have given a convincing numerical demonstration of the three asymptotic sequences. Toroidal GT,) modes have two asymptotic sequences of eigenfrequencies with spacings given by (8) and (9) that are formally equivalent to ScS and J rays, respectively. Radial (,,So) modes have one sequence, (5), formally equivalent to P K I K P rays.
Transition to plane stratification
If not only w, but also L , becomes large in (6)- (7) and (1 1) we can investigate the transition of the governing equations to the case of plane stratification. In (6) let H = w T and L = u p . We shall make an analogy between p and the ray parameter dt/dA. For large w and fixed p the coefficient matrix in (6) then becomes In a plane stratified medium the coefficient matrix for SH waves has the form ro UP1 (Gilbert & Backus 1966) (16) where q is the horizontal wave slowness, the reciprocal of the phase velocity, and the horizontal wave number is k = oq. We can see that (15) and (16) are equivalent if we identify p / r with q. The parameter q, the horizontal wave slowness, is also the ray parameter, q = dt/dx = sin i/p, where i is the angle of incidence of the ray. In a plane stratified medium one uses the equivalence between phase slowness and ray parameter to elucidate the correspondence between mode theory and ray theory.
If we identify p / r with q to make (15) and (16) equivalent we have
I n (17) let x = rA, with r constant. Then p = dt/dA = r sin i / p and p can be identified as the ray parameter in a spherically stratified medium, as well as the phase slowness on a surface of constant r . The usual way to interpret L/w is
which is in agreement with (17) at r = a.
In a plane stratified medium q is constant along a ray. In a spherically stratified medium p is constant along a ray and (17) shows how they are related. The normal modes are related through (16) and (15) for o % 1. Consequently (15) represents the most important effect of sphericity (through the term p / r ) for high frequency SH waves.
Spheroidal modes are investigated in a similar manner. In (1 1) let L = w p . The dominant part of (1 1) for w 9 1 and fixed p is
In (20) we can replace p/r by q and recover the coefficient matrix for P-SV waves (Gilbert & Backus 1966) . The foregoing argument about ray parameter is applicable here as well. Consequently, (20) represents the most important effect of sphericity (through the term p/r) for high frequency P-SV waves. Jobert (1974) has shown how to express an approximate propagator for (20) to represent both the stratification of the medium and the effect of sphericity.
